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VARIOUS REFRIGERATION EXPANSION VALVES 
INTRODUCTION 
Statement of problem; 
The object of the investigation was to study the performance 
cha rac t e r i s t i c s of refr igera t ion expansion valves and to observe the 
effect which the expansion valve had on the performance of a given 
ref r igera t ion unit . 
A sea rch into the h i s to ry of this problem failed to reveal 
that any previous investigation had been made into this p rob lem or 
any closely re la ted p r o b l e m s . 
Scope: 
This investigation was made by using an Alco type TCL2F, 
1/2" x 5 /8" ODS thermos ta t i c expansion valve with a 101 extension 
bulb and external equalization; an Alco type HK8F, l / 2 " F P T high-
side float valve; and an Alco type K35F, 1/2" F P T automatic expan-
sion valve, with an evaporating p r e s s u r e of 38 psig and a condens-
ing p r e s s u r e of 110 ps ig . The three valves shown in F igs 4a, 4b, 
and 4c were tes ted at full capacity and at two par t ia l loads . Also a 
"pull down" run was made with each valve. The ref r igerant used 
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during the investigation was freon 12. The: liquid and suction line so le-
noids and the back p r e s s u r e regulating valve, Alco type FPR15 , as 
shown in the schematic d iagram (Fig. 2), were by -passed . The cooling 
coil used in this investigation was of the annulus type. 
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D E S C R I P T I O N O F A P P A R A T U S 
Data w e r e ob ta ined by the u s e of the F r e o n R e f r i g e r a t i o n T e s t 
Unit a s shown in F i g . 2. I t e m 19 of F i g . 2 i s an A l c o type K 3 5 F , l / Z " 
F P T a u t o m a t i c e x p a n s i o n v a l v e ; i t e m 20 i s a n A l c o type T C L 2 F , l / 2 " x 
5 / 8 " ODS t h e r m o s t a t i c e x p a n s i o n v a l v e ; and i t e m 22 i s an A lco type 
H K 8 F , 1/2" F P T h i g h s i d e f loat v a l v e . T h e s e w e r e the t h r e e e x p a n s i o n 
v a l v e s t e s t e d . 
In .making th i s i n v e s t i g a t i o n the l iqu id and s u c t i o n l ine s o l e n o i d s , 
the b a c k p r e s s u r e r e g u l a t i n g v a l v e , and the d r y e r shown in F i g . 2 w e r e 
b y - p a s s e d . C o p p e r - c o n s t a n t a n t h e r m o c o u p l e s w e r e p l a c e d in the t h e r -
m o m e t e r w e l l s and c o n n e c t e d to a L e e d s and N o r t h r u p M i c r o m a x . An 
A s t o n Valve C o m p a n y p r e s s u r e r e c o r d e r w a s c o n n e c t e d to the s u r g e 
d r u m p r e s s u r e gage ( i t e m 6) shown in F i g . 2 . The e l e c t r i c a l c i r c u i t 
w a s a s shown in F i g . 3 wi th a G e n e r a l E l e c t r i c r e c o r d i n g w a t t m e t e r 
type C P 4 , u s e d a s a cyc l ing m e t e r , w i r e d in s e r i e s wi th the w a t t m e t e r 
in F i g . 3 . 
The condens ing un i t w a s a F r e o n 12, U n i v e r s a l W 5 0 0 - F H , r a t e d 
at 5 1 , 500 b tu p e r h o u r a t 2 8 ° F s u c t i o n t e m p e r a t u r e and 8 0 ° F w a t e r 
t e m p e r a t u r e with a t h r e e c y l i n d e r , 3 . 2 5 " x 3 " , 435 r p m c o m p r e s s o r . 
The c o m p r e s s o r w a s be l t d r i v e n by a 5hp, 3 p h a s e , 220 vol t , 60 cyc l e 
e l e c t r i c m o t o r , 
The e v a p o r a t i n g uni t w a s a P o t t e r & Rayf ie ld I n s t a n t a n e o u s 
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W a t e r Cool ing Box . T h i s un i t i nc luded 80 [ of 2" h a r d d r a w n type L c o p -
p e r p ipe con ta in ing t h r e e 3 / 4 " coppe r p i p e s for f r eon r e f r i g e r a n t . A l s o 
i nc luded w e r e an i m m e r s i o n type t h e r m o s t a t sa fe ty swi t ch by which the 
l o w e r t e m p e r a t u r e of the w a t e r was l i m i t e d , and a f l appe r o p e r a t e d safe-
ty swi t ch to p r e v e n t i c ing in the c o i l s . In add i t ion w e r e two c o n s t a n t 
s p e e d c e n t r i f u g a l p u m p s , one for c i r c u l a t i n g w a t e r t h r o u g h the cool ing 
co i l s and one to r e m o v e w a t e r f r o m the coo l ing b o x . 
The i n s t r u m e n t s e c t i o n c o n s i s t e d of a l iqu id h e a d e r with va lv ing 
a r r a n g e d to f ac i l i t a t e sw i t ch ing of e x p a n s i o n v a l v e s . 
The t e m p e r a t u r e r e c o r d i n g " s e t - u p " c o n s i s t e d of t en c o p p e r - c o n -
sta.nta.Ti t h e r m o c o u p l e s c o n n e c t e d to the L e e d s & N o r t h r u p M i c r o m a x 
with a t h e r m o c o u p l e in e a c h t h e r m o m e t e r we l l shown in F i g . 2 . 
The e s s e n t i a l i t e m s of t e s t i n g e q u i p m e n t w e r e a s fo l lows : 
F i v e h o r s e p o w e r W500FH U n i v e r s a l c o n d e n s i n g u n i t . 
A lco type H K 8 F , 1/2" F P T high s ide f loat v a l v e . 
A l c o type T C L 2 F , l / 2 " x 5 / 8 " ODS t h e r m o s t a t i c 
e x p a n s i o n v a l v e . 
A lco type K 3 5 F , l / 2 " F P T a u t o m a t i c e x p a n s i o n v a l v e . 
P o t t e r & Rayf ie ld i n s t a n t a n e o u s w a t e r cool ing s y s t e m . 
Two S i m m o n s c e n t r i f u g a l p u m p s m o d e l S J 2 5 . 
L e e d s and N o r t h r u p M i c r o m a x . 
G . E . R e c o r d i n g w a t t m e t e r type C P 4 . 
A s t o n Valve Company p r e s s u r e r e c o r d e r . 
Detroit Lubr ica tor thermos ta t ic motor control, 
Copper-constantan thermocouples . 
Scales and weighing tanks . 
Stopwatch. 
Hand rpm counter . 
F i g . l a 
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FORGED BRASS BODY 
Type TCL 
THERMOSTATIC EXPANSION VALVE 
F i g . Ua 
Type HK Float Valve 
F i g . lib 
Courtesy Alco Valve Co. 
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P3I0J 
Type K Valre 
P ^ V 9 
AfcSO-19 
F i g . lie 
Courtesy Alco Valve Co. 
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TEST METHOD 
The f i rs t valve tested was the highside float valve. The tes t was 
made so that complete data for the three runs with the highside float 
valve were taken before the valves were switched. A full capacity run 
of only one hour duration was made . It was decided that a one hour run 
at full capacity would give re l iable r e su l t s after stable conditions were 
es tabl ished. To be sure of steady conditions the unit was run for one 
and one half to two hours before data were taken. 
In o rder to maintain as near ly as possible 80°F water entering 
the cooling box, hot water was mixed with the campus main wa te r . 
This t empera tu re was subject to change depending upon the surges in 
the water main p r e s s u r e . However, the flow ra te of evaporator water 
was not affected by p r e s s u r e s u r g e s . The water valve on the d ischarge 
side of the constant speed centrifugal pump was set to give a flow of 
2460 pounds of water per hour , and the recorded data were observed at 
5 minute in t e rva l s . After the completion ol the one hour run the flow 
of the water was reduced to approximately eighty percent of full capac-
ity and the t empera tu re control in the cooling box was set for a min i -
mum coil t empera tu re of 50ojr with a 5° rar.ge between "cut-out" and 
"cu t - in" t e m p e r a t u r e s . The unit was allowed to cycle severa l t imes 
to see if the "cut-out" switch was functioning p roper ly . Then the 
s tar t ing t ime was marked on the mic romax and the cycling m e t e r . 
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A p a r t l oad run of s i x h o u r s d u r a t i o n w a s m a d e . The suc t ion p r e s s u r e 
w a s r e c o r d e d a s shown in F i g . 8 so tha t any v a r i a t i o n in p r e s s u r e of the 
s y s t e m could be o b s e r v e d . 
The weigh t of the w a t e r w a s d e t e r m i n e d by p e r i o d i c a l l y o b s e r v -
ing the t i m e r e q u i r e d for 100 pounds of w a t e r to flow into the we igh ing 
t a n k s . The e l e c t r i c a l input w a s d e t e r m i n e d by count ing the r p m of the 
w a t t m e t e r d i s c and then m u l t i p l y i n g by the p r o d u c t of the m e t e r c o n -
s t a n t , 1.2, and the a c t u a l runn ing t i m e . The s p e e d of the c o m p r e s s o r 
w a s d e t e r m i n e d wi th a hand r p m c o u n t e r . 
The m i c r o m a x w a s c h e c k e d a g a i n s t the t h e r m o m e t e r s u s e d in 
the full c a p a c i t y r u n and the t e m p e r a t u r e r e c o r d e d by the m i c r o m a x 
w a s o b s e r v e d to be 1 . 5 ° F h i g h e r than the t h e r m o m e t e r m e a s u r i n g the 
t e m p e r a t u r e of the w a t e r l e av ing the e v a p o r a t o r . The o the r m i c r o m a x 
r e c o r d i n g s c h e c k e d wi th the t h e r m o m e t e r r e a d i n g s . T h e r e f o r e a 1 .5° 
c o r r e c t i o n w a s m a d e on the t e m p e r a t u r e d i f f e r ence of the w a t e r in and 
out of the cool ing box . 
T h i s s a m e p r o c e d u r e w a s fo l lowed w h e n t e s t i n g e a c h of the 
o t h e r v a l v e s . 
A " p u l l down" r u n on each va lve w a s m a d e by f i l l ing the c o o l -
ing box of 430 pounds c a p a c i t y wi th 8 5 ° F w a t e r and s t a r t i n g the c o m -
p r e s s o r and o b s e r v i n g the d r o p in t e m p e r a t u r e a t five m i n u t e i n t e r -
v a l s to a t e m p e r a t u r e of 4 5 . 5 ° F . Two "pu l l down" r u n s on each 
va lve w e r e m a d e and the r e s u l t s w e r e the s a m e wi th e a c h r u n . 
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DISCUSSION 
The tes t on the highside float valve gave a ref r igera t ing capac-
ity of 63, 600 Btu /h r with a coefficient of per formance of 4. 7. A de-
c rease in running t ime caused a s traight line variat ion of r e f r ige ra -
tion effect. The apparent inc rease in the coefficient of per formance 
as the load decreased was probably caused by the inc rease in the 
r ece ive r t e m p e r a t u r e , The "pull down" tes t with the highside float 
valve showed a cooling ra te of 16, 980 Btu in 23.7 minutes or 42, 143 
B t u / h r . 
Fo r the thermosta t ic expansion valve the ref r igera t ing capac-
ity was 61, 501 Btu /h r with a coefficient of performance of 4 . 65. The 
coefficient of per formance appeared to inc rease with a dec rease in 
load. The "pull down" tes t with this valve was 16, 980 Btu in 22. 93 
minutes or 44,435 B t u / h r . 
The automatic expansion valve gave a ref r igera t ing capacity 
of 64, 155 B tu /h r with a coefficient of per formance of 4 . 84. The 
"pull down" time was 25 minutes for a load of 16, 980 Btu or a cool-
ing ra te of 40, 75 2 B t u / h r . 
Theoret ical ly the plot of ref r igera t ing effect ve r sus percent 
running time (rat io of actual c o m p r e s s o r running t ime to total tes t 
time) would be a s t raight line, and it is shown on the plot (Fig. 5) 
that for each of the valves the refr igerat ing effect was a s t raight 
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l ine funct ion of the runn ing t i m e . 
It b e c a m e a p p a r e n t f r o m the da t a a s r e c o r d e d in t a b l e s I, I I , III, 
tha t the t h e r m o s t a t i c va lve gave the b e s t s t a t e poin t for the f r eon l e a v -
ing the e v a p o r a t o r ; tha t i s , the s u p e r h e a t w a s l o w e r , t h e r e b y i n c r e a s -
ing the v o l u m e t r i c e f f ic iency of the c o m p r e s s o r . 
M e a s u r e m e n t s w e r e not m a d e to s tudy the h e a t t r a n s f e r in the 
cool ing co i l s by the u s e of t h e s e v a l v e s , but the h e a t t r a n s f e r should 
be b e t t e r when the c o i l s a r e flowing full of l iqu id f r eon , due to the w e t -
t ing of the co i l s u r f a c e s . T h e r e f o r e , if the f r eon i s l e av ing the e v a p o -
r a t o r wi th a l o w e r s u p e r h e a t wi th the u s e of the t h e r m o s t a t i c v a l v e , the 
h e a t t r a n s f e r should be b e t t e r b e c a u s e of the f looded cond i t i on . 
A l s o , wi th the t h e r m o s t a t i c e x p a n s i o n va lve giving a m o r e p o s i -
t ive c o n t r o l of the s t a t e point of the r e f r i g e r a n t l e av ing the e v a p o r a t o r , 
the c o i l s can be d e s i g n e d for the load to be h a n d l e d wi thout hav ing to 
inc lude a l a r g e f a c t o r of sa fe ty for the h e a t t r a n s f e r s u r f a c e . The t h e r 
m o s t a t i c e x p a n s i o n va lve can be u s e d in e i t h e r " t o p - f e e d " o r " b o t t o m -
feed" e v a p o r a t o r s . 
F i g . 11 , a w a t t m e t e r r e c o r d i n g of the c o m p r e s s o r cyc l i ng , 
shows a l a r g e a l though m o m e n t a r y i n c r e a s e in p o w e r on s t a r t i n g . 
O m i s s i o n of t h i s s t a r t i n g p o w e r c a u s e d a s l igh t dev i a t i on f r o m a z e r o 
s lope a s i s shown in F i g . 7. A w a t t m e t e r which r e c o r d s s m a l l t o t a l 
q u a n t i t i e s would give a m o r e a c c u r a t e r e s u l t . 
The t e m p e r a t u r e r e c o r d i n g would show m o r e e x a c t a n a l y s i s of 
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the t e m p e r a t u r e v a r i a t i o n if a con t inuous type r e c o r d e r w e r e u s e d i n -
s t e a d of the poin t type wi th an e ight m i n u t e c y c l e . F o r a good a n a l y -
s i s the s t a t e poin t of the f r eon n e e d s to be c o n s i d e r e d only when the 
c o m p r e s s o r i s r u n n i n g . F r o m the p lo t of the t e m p e r a t u r e s u p e r i m -
p o s e d on an "on-off" d i a g r a m , c h a r t I, an a v e r a g e t e m p e r a t u r e of the 
f r eon d u r i n g runn ing w a s ob t a ined . 
A t e s t r u n a t 10% i n t e r v a l s of c a p a c i t y would p r o b a b l y give 
m o r e c o n c l u s i v e e v i d e n c e of the p e r f o r m a n c e c h a r a c t e r i s t i c s of t h e s e 
e x p a n s i o n v a l v e s , bu t to m a k e a t e s t of t h i s type i t would be n e c e s s a r y 
for the w a t e r to the e v a p o r a t o r to be so c o n t r o l l e d tha t the t e m p e r a -
t u r e would r e m a i n cons t an t r e g a r d l e s s of the p r e s s u r e s u r g e s in the 
m a i n . A s i s s e e n f r o m the d a t a , t a b l e l id , the t e m p e r a t u r e of the 
w a t e r e n t e r i n g the e v a p o r a t o r v a r i e d a s m u c h a s 2 0 ° F on s o m e of the 
c y c l i n g r u n s . T h i s v a r i a t i o n in t e m p e r a t u r e , a l though a v e r a g i n g 
o v e r the s ix h o u r p e r i o d to give an a c c u r a t e r e f r i g e r a t i o n effect , 
m a d e it a l m o s t i m p o s s i b l e to p r e d i c t the p e r c e n t r a t e d c a p a c i t y b e i n g 
ob ta ined un t i l the r u n w a s o v e r and the da t a r e m o v e d f r o m the r e c o r d 
r o l l s . 
A l s o , d u r i n g t h i s i n v e s t i g a t i o n i t b e c a m e ev iden t tha t the 
h e a t t r a n s f e r d u r i n g the cyc l ing r u n s would offer a good field of i n v e s -
t i ga t i on , if t he a p p a r a t u s i nc luded a flow m e t e r in the l iqu id l ine and 
s e v e r a l t h e r m o c o u p l e s p l a c e d a t i n t e r v a l s a long the c o i l s so tha t the 
m e a n t e m p e r a t u r e s and v e l o c i t i e s could be d e t e r m i n e d . 
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It a p p e a r s tha t in the cyc l ing r u n s the h e a t flow i s a l w a y s in a t r a n s i e n t 
s t a t e . 
Al though the da t a h e r e showed no a p p r e c i a b l e d i f f e r ence in the 
effect of the e x p a n s i o n v a l v e s on a g iven r e f r i g e r a t i o n un i t , an i n v e s t i -
ga t ion w h e r e i n the flow of the r e f r i g e r a n t w a s known m i g h t p r o v e of 
i n t e r e s t . 
The c h a r t s in Append ix III show the cyc l ing of the c o m p r e s s o r 
and the t e m p e r a t u r e of the f r eon r e l a t i v e to the c y c l i n g . The on and 
off t i m e s w e r e t a k e n f r o m the r e c o r d i n g w a t t m e t e r c h a r t a s shown in 
F i g . 1 1 . The s h a d e d a r e a s on the c h a r t s i n d i c a t e runn ing t i m e . 
F r o m t h e s e c h a r t s the t a b u l a t e d da ta s h e e t s w e r e m a r k e d with a s t e r -
i s k s to i n d i c a t e the runn ing t e m p e r a t u r e a t the v a r i o u s s t a t i o n s . 
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CONCLUSIONS 
1. The d i f f e r e n c e s in the c a p a c i t i e s of the t h r e e v a l v e s w e r e 
wi th in the r a n g e of e x p e r i m e n t a l v a r i a t i o n ; t h e r e f o r e , i t w a s conc luded 
tha t the type of e x p a n s i o n va lve h a s l i t t l e o r no effect on the r e f r i g e r a -
t ion c a p a c i t y of a g iven r e f r i g e r a t i o n u n i t . T h i s r e s u l t m a y be e x p l a i n -
ed by a s tudy of the c o n s t r u c t i o n of the v a l v e s shown in Figs . . (4a, 4b , 
4 c ) . The h i g h s i d e float va lve and the a u t o m a t i c e x p a n s i o n va lve have 
the s a m e type of c a p i l l a r y tube a s an ou t le t to the e v a p o r a t o r ; t h e r e -
f o r e , both e x p a n s i o n s a r e a l ike and the type n a m e i s only a m e t e r i n g 
o r c o n t r o l dev i ce for the flow of the r e f r i g e r a n t . T h e va lve n e e d l e in 
the t h e r m o s t a t i c e x p a n s i o n va lve d o e s c o n t r o l the e x p a n s i o n by the 
c l e a r a n c e a r o u n d the va lve s e a t . The d i a m e t e r of the p a s s a g e of the 
t h e r m o s t a t i c va lve t e s t e d m u s t h a v e b e e n such a s to give the s a m e 
e x p a n s i o n a s the o t h e r v a l v e s . 
2. The t h e r m o s t a t i c e x p a n s i o n va lve h a s a f a s t e r r a t e of 
coo l ing on the " p u l l - d o w n " than the o t h e r v a l v e s . 
3 . The t h e r m o s t a t i c e x p a n s i o n va lve gave a m o r e p o s i t i v e 
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Table I 
COMPARISON OF "PULL-DOWN' 
TYPE LOAD TIME POWER : 
O F IN IN REQUIRED : 
VALVE BTU MINUTES 
Highside • 
Float : 16,980 23.7 1.77KW : 
Thermosta t ic 
Expansion : 16,980 22.92: 1.57KW : 
Automatic 
Expansion : 1.6, 980 25.00 : 1.77KW : 
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Table Ila HIGHSIDE FLOAT VALVE 
1-26-51 
Ful l Capacity-
F r e o n 12 F reon 12 Wat e r Water Water 
Into Evap Out of Evap Into Evap Out of Evap In Box 
° F Op Op ° F ° F 
45. 2 52.2 80.5 54.0 54.0 
45 .0 53.0 80.5 54.0 54.0 
45 .0 52.8 80.0 54.0 54.0 
45 .0 53.0 80.5 54. 1 54.0 
45.0 53.0 80.5 54.0 54.0 
45.0 53.5 80.5 54.0 54.0 
44 .8 53.2 80.0 54.5 54.0 
45.0 53. 1 80.0 54. 2 54.0 
44 .8 53. 1 80.5 54.2 54.0 
45.0 53.2 80.5 54.5 54.0 
45. 1 53.8 80.5 55.0 54.0 
45.0 53.5 81.0 55.0 54.0 
44 .99 53.12 80.42 54.29 54.00 
F r e o n 12 F r e o n 12 Water Water Receiver 
Into Comp Out of Comp Into Cond Out of Cond Temp 
° F ° F ° F ° F ° F 
54.0 131.0 49.0 91.0 83.5 
54.5 130.0 49 .5 90.5 83.0 
54.5 130.5 49 .0 91.5 83.5 
55.0 130.5 49 .0 91.0 83.0 
55.0 131.0 49 .5 91 .5 83.5 
55.0 131.0 49 .5 91.0 83.0 
55. 1 131.0 49 .5 90.5 82.5 
55.0 131.0 50.0 90.5 82.5 
55.0 131.0 49 .5 90.5 83.0 
55.0 131.0 50.0 91.0 83.0 
55.5 131.0 50.0 91.0 83.0 
55.5 131.5 49 .7 91.0 82.5 
54.93 130.88 49 .52 90.91 83.0 
Receiver Suction Discharge Water Cond Comp Watt 
P r e s s u r e P r e s s u r e P r e s s u r e Cooled Water Speed Meter 
psig psig psig # / h r # /h r rpm rpm 
TIO 38 T25~ 2460 HRJ2 44o 5 5 " 
Table lib HIGHSIDE FLOAT VALVE 
1-26-51 
80% Running Time 
Freon 12 Freon 12 Water Water Wate 
Into Evap Out of Evap Into Evap Out of Evap In B 
°F °F °F °F °F 
47* 50* 83 57 57 
64* 47* 81 59 59 
47* 50* 83 56 56 
48* 61* 73 59 58 
46* 49* 83 57 57 
57 62* 73 59 58 
46* 50* 83 56 56 
56 62* 72 59 58 
47* 50* 83 57 57 
46 51* 83 56 56 
47* 62* 73 59 58 
47* 50* 83 57 57 
47* 51* 83 56 56 
46* 58* 73 57 56 
47* 49* 83 57 57 
46 50 83 55 55 
56* 62* 73 59 58 
46* 50* 84 57 57 
46 51 83 55 55 
62* 63* 73 59 58 
46* 59* 83 56 56 
46 50 83 54 54 
61* 62* 71 59 58 
46* 49* 83 56 56 
46 50* 83 55 55 
60* 62* 72 59 58 
45* 49* 83 56 56 
45* 50* 83 55 55 
62* 63* 72 59 58 
46* 50* 84 56 56 
46* 50* 83 55 55 
49 50* 83 58 58 
46* 50* 83 56 56 
50 61 72 55 57 
46* 49* 83 58 56 
46* 50* 84 56 55 
62* 50* 82 58 58 
27 
T a b l e l ib - con t . 
F r e o n 12 F r e o n 12 Wat .er Wate r W a t e r 
Into E v a p Out of E v a p Into E v a p Out of E v a p In Box 
° F ° F ° F ° F ° F 
4 o * 50* 84" 57" 55 
4 7 * 60* 73 55 57 
4 6 * 50* 84 60 57 
46* 50* 84 55 55 
6 3 * 64 78 58 60 
4 6 * 50* 
5 3 . 6 2 
84 
807 Ci4 95 4 9 . 9 5^7 5S76"6 
50 . 1* 5 3 . 4 2 * 
* T e m p e r a t u r e of f r eon when c o m p r e s s o r i s r u n n i n g . 
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Table lie HIGHSIDE FLOAT VALVE 
1-26-51 
80% Running Time 
F r e o n 12 F r e o n 12 Water Water Rece iver 
Into Comp Out of Comp Into Cond Out of Cond Temp 
o F °F °F °F °F 
58 123 54 93 87* 
53* 127* 54 93 79* 
54* 128* 54 93 87* 
57* 126* 56 93 86* 
53* 128* 53 92 87* 
56* 126* 55 93 86 
54 127 54 93 87* 
56* 127* 54 93 87 
54* 127* 54 93 88* 
54* 127* 54 92 87 
56* 126* 55 92 85* 
54* 127* 54 93 87* 
54* 127* 54 92 87* 
63* 123* 55 90 85* 
54 127 54 93 86* 
54* 127* 54 93 86 
56* 127* 55 93 86* 
54 127 54 93 88* 
54* 125* 53 93 86 
53* 126* 54 93 81* 
54 126 54 92 87* 
54* 125* 53 92 86 
52* 126* 54 92 81* 
53* 127* 53 92 86* 
54* 127* 53 92 86 
54* 125* 54 92 84* 
53* 127* 53 92 87* 
54 125 53 92 86* 
54* 126* 54 92 81* 
54* 127* 53 93 87* 
54 119 54 92 86* 
54* 127* 55 93 84 
53* 127* 53 92 86* 
47* 126* 56 92 86 
53* 127* 54 92 87* 
63* 120* 54 92 86* 
53* 127* 54 93 75* 
T a b l e l i e - con t . 
F r e o n 12 F r e o n 12 W a t e r W a t e r R e c e i v e r 
Into C o m p Out of C o m p Into Cond Out of Cond T e m p 
° F ° F ° F ° F ° F 
~~54* 127* 54 92 87* 
60 126* 56 94 86* 
54* 127* 55 93 88* 
57* 124* 54 93 86* 
54* 127* 56 94 88* 
"547¥ 126 54 . 11 9 2 . 5 4 8 5 . 4 2 
5 4 . 4 * 1 2 6 . 2 3 * 8 5 . 4 5 * 
* T e m p e r a t u r e of f r eon when c o m p r e s s o r i s r u n n i n g . 
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Table lid HIGHSIDE FLOAT VALVE 
1-27-51 
45% Running Time 
Freon 12 Freon 12 Water Water Water 
Into Evap Out of Evap Into Evap Out of Evap In Box 
°F °F °F °F °F 
46* 58* 70 60 59 
59 58* 70 59 59 
51* 58* 68 59 58 
51* 58* 68 58 57 
44* 59 68 58 58 
54 47 74 57 58 
62 58* 84 57 57 
59* 60* 83 59 59 
57* 59* 72 59 58 
5 8* 59* 71 58 57 
44* 56* 68 59 59 
48* 47 70 58 57 
61 61 86 58 58 
45* 58* 69 60 59 
45* 47* 72 58 58 
46* 47 78 57 57 
62 62 86 56 56 
61 61 69 59 58 
58 59* 76 59 59 
44* 52* 70 59 58 
47* 48* 75 58 57 
64 60 90 58 57 
60 60* 87 59 58 
45* 47* 72 60 59 
63 53 91 57 57 
59 61* 88 59 59 
44* 47* 71 60 59 
59* 46 82 56 56 
63 61 88 58 58 
45* ; 46* 70 59 58 
58* 47* 76 56 56 
59* 61 89 58 57 
44* 46* 71 59 58 
58 48* 86 56 56 
60 61 88 58 58 
45* 47* 72 60 59 
63* 49* 91 57 56 
31 
Table lid - cont. 
F r e o n 12 F reon 12 Water Water Water 
Into Evap Out of Evap Into Evap Out of Evap In Box 
°F °F °F °F °F 
59 To - -JJ 59" 59 
4 5 * 4 7 * 90 59 58 
62 62 86 57 57 
52* 59 72 60 59 
4 8 * 62* 73 59 58 
49 .69* 53 .65* 79.84 58 . To" 57.84 
53.83 54.65 
* Tempera tu re of freon wben compres so r is running. 
32 




Freot i 12 F r e o n 12 Water Water Receiver 
Into Comp Out of Comp Into Cond Out of Cond Temp 
° F ° F ° F ° F ° F 
5 1 * 12S* 54 94 83 
51 125* 53 93 89* 
58 122* 52 93 8 9 * 
58 122 55 92 89* 
62 112 53 91 71 
62* 116 54 92 7 3 * 
5 1 * 123* 54 93 82* 
52* 126* 54 94 89* 
5 3 * 126* 54 93 89* 
61 122* 55 95 89* 
64 110 57 93 84 
58 121 56 93 79 
52* 125* 54 93 90* 
64* 120* 56 95 90* 
63 115 57 93 86* 
60 120 56 93 76 
54* 122 54 93 80 
52* 127* 55 93 8 3 * 
56* 125* 54 93 90* 
64 116* 57 94 84* 
60 122 57 93 78 
52* 128* 56 96 89* 
60* 125* 57 95 9 1 * 
63 118* 59 95 74 
52* 129* 57 94 84 
60* 125* 56 95 90* 
62 118 59 94 8 3 * 
56 127 55 93 72 
52* 126* 55 94 90* 
5 3 * 125* 57 95 80* 
63 116 56 93 71 
5 3 * 126* 55 93 71 
5 3 * 125* 56 93 89* 
65 116 56 95 80 
55* 127* 56 93 71 
52* 128* 57 94 9 1 * 
56 118 56 96 86* 
T a b l e l i e - cont . 
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F r e o n 12 F r e o n 12 W a t e r W a t e r R e c e i v e r 
In to C< 
° F 
Dmp Out of C o m p 
° F 
In to C 
° F 
ond Out of Cond 
° F 
T e m p 
° F 
66* 121* 55 93 87* 
62 121* 58 93 74 
68 114 55 93 70 
5 3 * 128* 56 94 77 
54* 128* 58 94 8 3 * 
54 . 86* 1 2 4 . 5 5 * 5 5 . 69 9 3 . 63 8 6 . 8 4 * 
57 . 52 122 .19 8 2 . 5 2 
* T e m p e r a t u r e of f r eon when c o m p r e s s o r i s r u n n i n g . 
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Table Ilf HIGHSIDE FLOAT VALVE 
1-26-51 
80% Running Time 
Receiver Suction Discharge Water Cond Comp Watt 
Pressure Pressure Pressure Cooled Water Speed Meter 
psig Psig Psig #/hr #/hr rpm rpm 
110 38 \W 1750 TTEO 446 55 
1-27-51 
45% Running T i m e 
R e c e i v e r Suc t ion D i s c h a r g e W a t e r Cond C o m p Wat t 
P r e s s u r e P r e s s u r e P r e s s u r e Cooled W a t e r Speed M e t e r 
p s i g p s i g p s i g # / h r # / h r r p m r p m 
35 
T a b l e I lg 
1-26-51 
O n Off 
M i n u t e s 
4 . 5 0 3 .00 
1 2 . 5 1 3 .00 
1 5 . 6 8 3 .50 
1 2 . 6 7 3 .00 
1 3 . 3 4 3 . 3 4 
1 6 . 6 8 3 . 6 7 
2 0 . 8 5 8 . 0 1 
1 8 . 6 8 . 4 . 6 7 
1 9 . 0 2 4 . 3 4 
2 0 . 8 5 6 . 8 4 
2 2 . 0 2 4 . 0 0 
2 1 . 5 2 3 . 8 4 
14. 18 5 . 3 4 
2 0 . 6 8 4 . 5 0 
1 3 . 5 2 3 .50 
17 .35 3 .67 
14 ,51 3 .50 
9 . 5 1 
288.06 71.72 
HIGHSIDE FLOAT VALVE 
COMPRESSOR RUNNING TIME 




5 . 8 9 4 . 9 1 
1.08 2 . 5 5 
2 . 9 4 5 . 10 
3 . 7 3 5 .30 
3 . 9 3 5 . 8 9 
3 . 5 4 5 .50 
4 . 12 4 . 7 1 
4 . 12 4 . 9 1 
2 . 9 4 6 . 0 9 
3 . 14 6 . 0 9 
3 . 93 5. 89 
3 . 9 3 5 .89 
4 . 3 2 5 . 8 9 
4 . 7 1 6 . 2 8 
2 . 9 4 4 . 3 2 
3 . 9 3 5 .89 
4 . 3 2 5 . 10 
4 . 7 1 5 . 3 0 
5. 10 5 . 8 2 
5 . 10 6 . 0 9 
5 .30 6 . 2 8 
5 .30 5 .50 
5 . 10 5 .70 
5 .30 5 . 8 2 
5 .30 5 . 8 2 
5 .30 6 .28 
5 .70 6 .28 
5 .70 6 . 2 8 
6 .50 6 . 4 8 
5 .90 6 .87 
5 .70 7 . 0 7 
5 .70 6 .68 
5 .30 7 . 4 6 
5 .90 7 . 0 7 
. 9 8 
156 .40 1 9 7 . 1 1 
Total t ime 353.51 minutes 
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T a b l e I l i a T H E R M O S T A T I C EXPANSION VALVE 
3 - 1 9 - 5 1 
F u l l Capac i ty 
F r e o n 12 F r e o n 12 W a t e r W a t e r W a t e r 
In to E v a p Out of E v a p Into E v a p Out of E v a p In Box 
° F ° F ° F ° F ° F 
4 5 . 5 5 0 . 0 8 0 . 5 5 2 . 0 5 4 . 0 
4 5 . 5 5 0 . 5 8 0 . 0 5 2 . 0 5 4 . 0 
4 5 . 5 5 0 . 5 7 8 . 0 5 2 . 0 5 2 . 0 
4 3 . 0 4 6 . 6 7 8 . 0 5 0 . 0 5 2 . 0 
4 3 . 0 4 6 . 0 8 2 . 0 5 2 . 0 5 2 . 0 
4 5 . 0 4 9 . 0 8 1 . 0 5 3 . 0 5 3 . 0 
4 5 . 5 5 0 . 0 8 2 . 0 • 5 2 . 5 5 4 . 0 
4 6 . 0 5 0 . 5 8 1 . 0 5 3 . 0 5 4 . 5 
4 5 . 5 5 0 . 5 8 0 . 0 5 2 . 5 5 4 . 0 
4 4 . 9 4 4 9 . 2 3 80. 28 52 . 11 53. 28 
F r e o n 12 F r e o n 12 W a t e r W a t e r R e c e i v e r 
Into C< Dmp Out of C o m p In to Cond Out of Cond T e m p 
° F ° F ° F ° F ° F 
5 1 . 5 126 5 6 . 0 9 0 . 0 8 4 . 5 
5 2 . 0 125 5 5 . 0 9 1 . 0 8 3 . 0 
5 2 . 0 125 5 5 . 0 ' 9 0 . 0 8 3 . 0 
4 7 . 0 123 5 4 . 0 8 9 . 0 8 3 . 0 
4 7 . 0 123 5 4 . 0 8 9 . 0 8 3 . 0 
5 0 . 0 124 5 5 . 0 9 0 . 0 8 3 . 0 
5 1 . 0 125 5 5 . 0 9 0 . 0 8 4 . 0 
5 2 . 0 126 5 5 . 0 9 1 . 0 8 4 . 0 
5 2 . 0 126 5 5 . 0 9 0 . 0 8 4 . 0 
5 0 . 5 0 1 2 4 . 7 8 5 4 . 8 9 9 0 . 0 0 8 3 . 5 0 
R e c e i v e r Suc t ion 
P r e s s u r e P r e s s u r e 
p s i g p s i g 
D i s c h a r g e W a t e r Cond C o m p Wat t 
P r e s s u r e Coo led W a t e r Speed M e t e r 
p s i g # / h r # / h r r p m r p m 
110 38 125 2181 2070 447 54 
Table Illb THERMOSTATIC EXPANSION VALVE 














































































































































































































T a b l e I l lb - con t . 
F r e o n 12 F reon 12 W a t e r W a t e r W a t e r 
Into Evap Out of Evap Into E v a p Out of E v a p In Box 
° F ° F o F ° F ° F 
59 ~Zz ~8~0" ~ 58 58 
51 59 75 58 57 
50 55 76 57 56 
51 52 84 54 53 
59 61 75 60 57 
5 3 . 24 5 4 . 8 1 8 2 . 4 3 "56: ~ZT 5 5 . 5 6 
Table IIIc THERMOSTATIC EXPANSION VALVE 
65% Running Time 
4-27-51 
Freon 12 Freon 12 Water Water Recei 
Into Comp Out of Comp Into Cond Out of Cond Temp 
°F °F °F °F ^F 
5o" 124 ~ 70 93 
57 122 69 93 91 
57 124 69 92 87 
55 124 69 92 91 
62 122 72 91 89 
56 125 70 93 92 
66 121 75 91 90 
56 125 70 93 91 
65 114 86 93 90 
56 124 70 93 85 
64 115 70 91 89 
55 123 70 92 85 
56 123 70 93 87 
56 122 69 92 90 
57 123 70 91 86 
61 117 69 91 90 
56 . 124 70 92 84 
62 116 70 91 89 
55 123 69 92 84 
57 121 69 91 89 
57 122 69 92 85 
62 115 69 91 90 
55 123 69 92 84 
59 122 70 91 89 
61 115 69 91 91 
55 123 69 91 83 
57 122 70 92 88 
60 122 70 92 90 
62 116 70 91 91 
55 122 69 91 84 
57 123 70 93 86 
63 122 70 91 91 
63 116 70 92 91 
56 123 69 92 85 
61 117 69 91 89 
56 123 70 92 84 
64 114 69 91 90 
56 120 70 91 85 
41 
THERMOSTATIC EXPANSION VALVE 
2-15-51 
11:30 to 5:30 
54% Running Time 
F r e o n 12 F r e o n 12 Water Water Water 
Into Evap Out of Evap Into Evap Out of Evap In Box 
°F °F °F °F OF 
" ~53* _ _ 57 _ 
47* 59 58 
50* 49* 83 55 55 
58 60 66 59 58 
50* 50* 83 56 55 
57* 
60 54 79 58 58 
60* 51* 72 57 57 
48 49 70 56 56 
62* 51* 77 56 56 
48 67 57 56 
50* 55* 67 58 57 
50 59 65 58 57 
49* 48* 83 55 55 
51 47 80 56 56 
56 59 66 58 58 
56 60* 67 59 59 
49* 58* 69 59 58 
48 54 68 57 57 
60* 62* 74 57 57 
55* 59* 64 58 58 
54* 60 67 59 57 
49* 58 69 58 58 
52* 50* 78 56 56 
48 56 68 57 56 
50* 49* 79 56 56 
59* 60* 74 58 58 
50* 49* 76 56 57 
59* 57* 75 57 57 
59* 60* 76 58 58 
56* 60* 67 59 58 
58* 50* 80 57 57 
48* 57 66 57 57 




50* 44 55 55 
56* 59* 65 58 57 
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Table Hid - cont. 
F r e o n 12 F r e o n 12 Water Water Water 
Into Evap Out of Evap Into Evap Out of Evap In Box 
° F ° F ° F ° F ° F 
4 9 * 4 5 * 83 56 56 
51.81 54.26 72.88 57. 13 56.83 
53 .48* 54 .04* 
Tempera tu re of freon when compres so r is running, 
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Table IUe THERMOSTATIC EXPANSION VALVE 
2-15-51 
11:30 to 5:30 
54% Running Time 
F r e o n 12 F r e o n 12 Water Water Receiver 
Into Comp Out of Comp Into Cond Out of Cond Temp 
°F op o F °F OF 
"48* lTP _ _ __ 87 
46 114 54 88 83* 
53* 114* 52 87 87 
43 114 53 88 80* 
57* 112* 52 87 87* 
66 120 86 79* 
56* 111* 52 88 81 
52* 117* 52 88 80* 
62* 108* 54 88 83 
51 117 53 88 78* 
61* 113* 55 87 83 
55 115 54 89 86* 
55* 115* 54 89 86 
62 108 55 86 87* 
52* 120* 53 88 84 
59 116 56 88 82* 
53* 118* 54 87 84 
55 118 54 89 83* 
59* 116* 55 88 85 
52 118* 52 88 82* 
57* 116* 56 88 83 
53* 118* 53 88 85* 
59* 112* 54 89 83* 
52 119 53 88 83* 
63 107 55 86 83 
56 114 53 88 82* 
60 116 54 88 80 
52* 108* 53 87 87 
54 113 52 88 77* 
52* 117* 52 88 80* 
60* 111* 52 89 82* 
53* 117* 52 87 89 
63* 115* 54 86 82* 
52 119 52 87 86* 
61* 116* 56 88 81 
52 117 52 87 86* 
62 116* 55 86 80* 
44 
Table Hie - cont. 
F r e o n 12 F r e o n 12 Water Water Receiver 
Into Comp Out of Comp Into Cond Out of Cond Temp 
° F ° F ° F ° F O F 
52 117 52 86 87* 
55.53 114.89 53.38 87.58 83. 14 
55. 9* 114.63* 8 2 . 6 1 * 
Tempera tu re of freon when compres so r is running. 
45 
Table Illf THERMOSTATIC EXPANSION VALVE 
2-15-51 
6:00 to 12:00 
42% Running Time 
F r e o n 12 F reon 12 Water Water Water 
Into Evap Out of Evap Into Evap Out of Evap In Box 
°F °F o F °F °F 
53 52 56 
50 47 87 55 55 
60 60 86 57 57 
58 60 70 59 58 
49 52 73 57 56 
52 50 86 56 56 
60 60 86 58 58 
57 59 68 59 58 
50 49 75 57 57 
62 50 87 57 57 
58 60 70 59 58 
48 56 70 57 56 
50 58 83 55 55 
61 52 87 57 57 
57 59 69 59 58 
59 57 70 57 56 
51 47 91 56 56 
60 60 80 58 58 
59 57 66 59 58 
49 52 70 57 56 
56 48 81 57 57 
59 60 69 59 59 
56 47 83 57 57 
56 61 76 58 58 
56 59 70 58 57 
50 49 83 55 55 
61 54 86 57 57 
56 59 71 58 58 
50 54 72 57 56 
55 50 89 56 56 
58 59 69 59 59 
49 57 70 57 56 
51 49 90 . 56 56 
60 60 75 58 57 
54 58 70 57 56 
50 49 90 55 55 
60 43 90 57 57 
46 
Table Illf - cont. 









Evap In Box 
° F 
57 59 69 58 57 
50 46 90 55 55 
61 50 90 57 57 
57 59 69 59 58 
55.24 54 . : *8 78. 15 57 . 10 56.81 
T a b l e IHg THERMOSTATIC EXPANSION VALVE 
2-3.5-51 
6:00 to 12:00 
42% Running T i m e 
Freon 12 Freon 12 Water Water Recei 
Into Comp Out of Comp Into Cond Out of Cond Temp 
Op °F °F °F °I 
64 117 56 87 84 
60 109 54 87 86 
52 117 54 89 78 
56 117 57 92 82 
62 109 56 88 86 
60 110 54 89 79 
52 116 53 89 79 
60 117 57 90 82 
62 109 55 88 88 
53 115 53 88 78 
52 118 54 90 80 
65 111 56 87 84 
60 109 54 87 89 
52 116 53 88 79 
56 117 55 90 80 
65 108 56 88 86 
59 114 54 89 89 
57 113 53 89 79 
57 117 57 92 80 
62 108 55 87 88 
56 115 53 88 78 
62 111 55 90 80 
61 111 56 90 79 
52 119 54 89 87 
62 117 57 88 84 
61 110 55 88 89 
52 119 57 89 78 
58 117 57 81 84 
62 109 56 88 88 
56 115 54 89 78 
52 118 55 89 80 
64 106 56 87 85 
59 112 55 89 82 
52 119 55 90 79 
64 116 56 oo 84 
60 111 55 89 88 
52 117 55 89 79 
48 
Table Illg - cont. 
F r e o n 12 F r e o n 12 Water Water Receiver 
Into C omp Out of Comp Into Cond Out of Cond Temp 
° F ° F ° F ° F ° F 
63 117 57 87 81 
61 110 55 88 89 
52 117 55 89 79 
58 117 58 91 81 
5 8 . 17 113.90 5 5 . 17 8 8 . 54 82.63 
49 
Table Illh THERMOSTATIC EXPANSION VALVE 
2-15-51 
11:30 to 5:30 
54% Running Time 
Receiver Suction Discharge Water 
P r e s s u r e P r e s s u r e P r e s s i i r e Cooled 
psig psig psig # / h r 
Co.nd Comp Watt 
Water Speed Meter 
# / h r rpm rpm 
105 39 123 1810 2002 450 53 
6:00 to 12:00 
42% Running T i m e 
R e c e i v e r Suc t ion D i s c h a r g e W a t e r 
P r e s s u r e P r e s s u r e P r e s s u r e Coo led 
p s i g p s i g p s i g # / h r 
C ond C omp Wat t 
W a t e r Speed M e t e r 
# / h r r p m r p m 
105 39 123 1150 2138 445 53 
4 - 2 7 - 5 1 
65% Running T i m e 
R e c e i v e r Suc t ion D i s c h a r g e W a t e r Cond C o m p Watt 
P r e s s u r e P r e s s u r e P r e s s u r e Coo led W a t e r Speed M e t e r 
p s i g P s i g P s i g # / h r # / h r r p m r p m 
TTO 40 HO"" 14 l0 33o0 445 55~~ 
50 
Table Illi THERMOSTATIC EXPANSION VALVE 
Running Time 
2-15-51 4-27-51 
11:30 to 5:30 6:00 to 12:00 
O n Off O n Off O n Off 
2 . 7 4 9 .80 5 .00 
8 .00 6 . 6 7 4 . 3 0 6 .65 12 .80 5 .00 
7 . 6 2 7 . 7 2 4 . 3 0 5 . 4 8 1 2 . 0 0 4 . 6 0 
3 . 2 4 3 . 2 4 4 . 8 9 5 . 7 7 11 .80 4 . 6 0 
3 . 6 2 10 .39 3 . 23 4 , 4 5 11 .00 4 . 8 0 
1 0 . 4 8 5 . 7 2 3 . 9 1 6 . 6 5 7 . 8 0 4 . 0 0 
8 . 5 8 5 . 3 4 4 . 3 0 6 . 7 5 10 .00 4 . 6 0 
8 . 3 9 6 . 6 7 4 . 5 0 5 . 2 8 8 .60 4 . 2 0 
1 0 . 9 6 6 . 2 9 5 . 5 8 7 . 0 4 11 .00 5 . 8 0 
3 . 2 4 4 . 19 4 . 0 1 8 . 6 1 12 .80 4 . 8 0 
3 . 0 5 4 . 3 8 4 . 6 0 5 .87 6 .60 4 . 4 0 
1 1 . 4 4 6 . 8 6 4 . 11 5 . 4 8 8 .00 4 . 4 0 
7 . 2 4 4 . 9 6 4 . 8 9 5 . 6 7 7 . 0 0 4 . 4 0 
3 . 0 5 3 . 2 4 3 . 2 3 7 . 4 3 6 .40 4 . 0 0 
3 . 0 5 3 . 8 1 4 . 3 0 6 . 2 6 4 . 8 0 3 . 0 0 
4 . 7 7 3 . 7 2 4 . 5 0 5 . 8 7 6 .20 4 . 0 0 
7 . 8 1 5 . 8 1 . 8 8 3 . 5 2 6 .60 4 . 6 0 
1.91 3 . 15 2 . 6 4 3 . 5 2 6 . 0 0 4 . 10 
5 . 4 3 3 . 3 4 . 88 1.96 6 . 0 0 9 .00 
4 . 7 7 3 . 7 2 5 . 4 8 6 . 1 6 11 .20 5 .00 
. 9 3 3 . 4 3 4 . 6 0 6 . 7 5 8 .80 4 . 0 0 
4 . 7 7 5 . 0 5 5 . 2 8 5 . 4 8 6 .20 4 . 6 0 
2 . 6 7 3 . 0 5 4 . 2 1 6 . 1 6 5 .60 3 . 2 0 
5 . 7 2 2. 95 4 . 8 9 5 . 5 7 5 .50 3 .40 
. 8 6 1.91 5 . 0 9 6 . 4 5 8 .40 5 .30 
8 .67 5 . 5 3 4 . 6 0 5 .87 6 .80 4 . 2 0 
5 . 7 2 4 . 7 7 5 . 2 0 6 . 0 6 8 .60 5 .20 
. 9 5 2 . 2 9 4 . 8 9 5 . 7 7 7 . 2 0 
4 . 0 0 7 . 15 5*38 6 . 8 5 
3 . 81 3 . 8 1 4 . 80 5 . 7 7 233.bU 124 .20 
5 . 3 4 7 . 6 2 4 . 8 9 6 . 4 5 
. 8 6 3 . 6 2 4 . 8 9 6 . 2 6 3 5 7 . 7 m i n u t e s 
7 . 6 2 5. 15 4 . 9 9 6 . 6 5 t o t a l t i m e 
8 . 3 9 6. 19 4 . 8 9 6 . 2 6 
8 .20 6 . 8 6 5 . 2 8 8 .51 
6. 10 3 . 2 3 
1 5 1 . 7 2 1 9 1 . 2 6 168 .60 2 0 8 . 0 2 
359. 86 minutes total t ime 359. 74 minutes total t ime 
51 
T a b l e IVa AUTOMATIC EXPANSION VALVE 
> 3 - 1 9 - 5 1 
F u l l Capacity-
F r e o n 12 F r e o n 12 W a t e r Wat e r W a t e r 
In to E v a p Out of E v a p Into E v a p Out of E v a p In Box 
o p o F o p °F O p 
4 4 . 0 5 2 . 5 8 3 . 0 5 3 . 5 5 5 . 0 
4 4 . 0 5 2 . 7 8 2 . 0 5 4 . 0 5 6 . 0 
4 4 . 0 5 2 . 7 8 1 . 5 5 4 . 0 5 6 . 0 
4 4 . 0 5 2 . 5 8 1 . 5 5 4 . 0 5 5 . 0 
4 4 . 0 5 2 . 7 8 2 . 0 5 4 . 0 5 6 . 0 
4 4 . 0 5 2 . 7 8 2 . 0 5 4 . 0 5 5 . 0 
4 4 . 0 5 2 . 7 8 2 . 0 5 3 . 5 5 5 . 0 
4 4 . 0 5 2 . 6 4 8 2 . 0 5 3 . 8 5 5 5 . 4 3 
F r e o n 12 F r e o n 12 W a t e r W a t e r R e c e i v e r 
In to C o m p Out of C o m p Into Cond Out of Cond T e m p 
Op o p o p o p Op 
5470 130 .0 5570 9070 8275 
5 4 . 5 130 .5 5 6 . 0 9 0 . 0 8 2 . 5 
5 4 . 5 131 .0 5 6 . 0 9 1 . 0 8 2 . 7 
5 4 . 0 131 .0 5 5 . 0 8 9 . 0 8 1 . 5 
5 4 . 5 130 .0 5 6 . 0 8 9 . 0 8 1 . 5 
5 4 . 5 130 .0 5 5 . 0 8 8 . 0 8 1 . 5 
5 4 . 5 130 .0 5 6 . 0 9 0 . 0 8 1 . 5 
5 4 . 3 6 1 3 0 . 3 6 ! > 0 ? 8 9 . 5 7 8 1 . 9 6 
R e c e i v e r Suc t ion D i s c h a r g e W a t e r Cond C o m p Watt 
P r e s s u r e P r e s s u r e P r e s s u r e Coo led W a t e r Speed M e t e r 
p s i g p s i g P s i g # / h r # / a r r p m r p m 
110 37 125 2275 2120 445 54 
52 
Table IVb AUTOMATIC EXPANSION VALVE 
2-16-51 
6:00 to 12:00 
63% Running Time 
Freon 12 Freon 12 Water Water Water 
Into Evap Out of Evap Into Evap Out of Evap In Box 
°F °F °F °F °F 
45* 46* 70 54 54 
62* 45* 75 57 57 
46 50 77 55 55 
61* 58* 75 57 57 
46 50 79 54 54 
61* 62* 74 57 57 
46* 52* 80 54 54 
60* 62* 70 58 58 
46* 52* 81 55 55 
59* 61* 66 58 58 
45* 52* 81 55 55 
58* 61* 66 58 58 
47 52 81 55 55 
59* 60* 66 58 58 
46* 56* 81 55 55 
58* 60* 65 58 58 
46* 53* 80 56 56 
53* 59* 66 57 57 
46 61* 79 56 56 
45* 54* 69 56 55 
52 54* 76 56 56 
46* 53* 77 55 55 
62 56 76 57 57 
46* 52* 79 54 54 
61 61 74 57 57 
46* 53* 79 54 54 
61 61 75 57 57 
46* 53* 81 55 55 
59 61 65 58 58 
46* 52* 81 55 55 
57 60 67 58 57 
46* 53* 80 55 55 
49 60 66 57 57 
46* 53* 78 55 55 
45 57 67 57 57 
49* 54* 77 56 56 
Table IVb - cont. 
53 
F r e o n 12 F r e o n 12 Water Water Water 
Into Evap Out of Evap Into Evap Out of Evap In Box 
Op O p O p O p O p 
£6* 52 75 54 54 
60* 53* 76 56 56 
46* 53 79 54 54 
6 1 * 6 1 * jM3 5? _57 
5 1 . 6 3 5 5 . 3 8 7 4 . 6 3 5 6 . 0 0 5 5 . 9 5 
51.25* 55.07* 
• T e m p e r a t u r e of freon when c o m p r e s s o r i s running. 
54 
Table IVc AUTOMATIC EXPANSION VALVE 
2-16-51 
6:00 to 12:00 
63% Running Time 
Freon 12 Freon L2 Water Water Recei"' 
Into Comp Out of Comp Into Cond Out of Cond Temp 
°F °F °F °F °F 
61 117 53 87 80* 
56* 128^ 53 89 74* 
62* 116>:= 54 88 81* 
56* 127* 53 88 77* 
60 118 53 88 81* 
56* 127* 53 89 77 
59 121 52 88 81* 
57* 127=* 53 89 78 
57 123 52 89 81* 
58* 127* 53 90 78* 
56* 124* 52 89 80* 
59* 127* 54 91 78* 
56* 123* 53 88 80 
58 127 53 89 79* 
55* 124* 52 87 80 
61 126 56 89 78* 
57* 127* 53 88 87 
66 118 55 86 80* 
56* 127* 53 88 81 
64 114 54 86 80* 
56* 127* 53 80 77 
53 115 53 87 80* 
56* 126* 53 88 76 
61 117 53 87 80* 
56* 127* 53 89 77 
60 120 53 88 80* 
56* 127* 53 89 77 
56* 123* 53 88 80* 
59 127* 53 90 78 
56* 127* 53 88 80* 
61 126* 55 91 79 
55* 127* 53 88 81* 
64 123* 55 87 80* 
55* 127* 53 88 81* 
65* 114* 55 87 80* 
55* 127* 53 90 78* 
55 
T a b l e IVc - con t . 
F r e o n 12 F r e o n 12 W a t e r Wat .er R e c e i v e r 
In to C o m p Out of C o m p Into Cond Out of Cond T e m p 
° F ° F ° F ° F o F 
62* 11T* 54 87 8 1 * 
56* 127" 53 88 77* 
6 1 * 119>: 53 88 80* 
57* 127* 53 88 78* 
5 8 . 25 123 .45 5 3 . 28 8 8 . 28 7 9 . 13 
57 . 15* 1 2 4 . 8 9 * 7 9 . 4 2 * 
t e m p e r a t u r e of f r s o n when c o m p r e s s o r i s r u n n i n g . 
56 
Table IVd AUTOMATIC EXPANSION VALVE 
2-16-51 
11:30 to 5:30 
35% Running Time 
F r e o n 12 F r e o n 1 Z Water Water Water 
Into Evap Out of Evap Into Evap Out of Evap In Box 
° F o F ° F ° F ° F 
50 51 88 55 55 
57 59 68 57 56 
45 52 72 55 55 
49 51 86 54 54 
59 59 68 58 48 
49 58 67 57 56 
60 58 74 57 57 
56 59 65 57 56 
60 52 83 57 57 
54 58 70 57 56 
59 51 87 55 55 
50 
61 59 63 60 60 
45 49 90 54 54 
60 60 68 59 59 
54 59 70 59 58 
45 59 75 56 56 
60 60 68 59 58 
57 59 66 59 58 
50 51 86 56 56 
60 61 69 59 58 
57 60 67 58 58 
49 51 85 56 56 
60 60 69 60 59 
55 60 67 58 57 
52 51 87 56 56 
59 60 67 60 60 
49 
61 58 83 58 57 
59 58 68 59 58 
45 53 70 57 57 
61 51 75 57 57 
T a b l e IVd - con t . 
57 
F r e o n 12 F r e o n 12 W a t e r W a t e r W a t e r 
In to E v a p Out of E v a p Into E v a p Out of E v a p In Box 
° F ° F ° F o F ° F 
59" " 56 79 59" 58 
46 50 90 55 55 
61 60 68 59 59 
. 52 59 69 58 57 
52 52 90 57 56 
5 4 . 51 54 . 8C" 74. 77 57 . 3 4 5 6 . 6 3 
58 
Table IVe AUTOMATIC EXPANSION VALVE 
2-16-51 
11:30 to 5:30 
35% Running Time 
F r e o n 12 F r e o n 12 Water Water Receiver 
Into Comp Out of C jOmp Into Cond Out of Cond Temp 
o p OF o F °F °F 
53 123 53 88 80 
58 123 56 89 79 
61 110 54 86 82 
57 1 118 52 89 78 
54 124 53 89 79 
63 108 53 85 81 
53 123 52 87 73 
65 105 54 85 79 
52 123 53 88 71 
63 107 56 86 82 
59 115 54 88 77 
76 
58 122 54 70 
60 114 54 89 82 
58 123 55 91 76 
58 124 55 92 83 
62 112 54 88 82 
55 123 53 89 76 
67 106 55 87 80 
59 117 53 89 76 
55 125 53 89 79 
66 106 56 87 80 
61 115 54 78 81 
57 124 53 90 76 
66 106 55 86 82 
59 116 53 88 74 
58 123 56 92 78 
82 
63 110 88 
56 121 54 89 75 
61 122 56 88 79 
63 110 54 87 82 
59 
T a b l e IVe - con t . 
F r e o n 12 F r e o n 12 W a t e r W a t e r R e c e i v e r 
In to C< Dmp Out of C o m p Into Cond Out of Cond T e m p 
° F ° F o F ° F ° F 
55 121 53 89 76 
61 123 57 88 79 
60 115 54 89 83 
55 125 54 89 77 
64 109 56 87 82 
57 121 54 89 78 
5 9 . 2 2 117 .00 5 4 . 1 4 8 7 . 4 4 7 8 . 7 5 
Table IVf AUTOMATIC EXPANSION VALVE 
2-16-51 
11:30 to 5:30 
35% Running Time 
Receiver Suction Discharge Water Cond Comp Watt 
P r e s s u r e P r e s s u r e P r e s s u r e Cooled Water Speed Meter 
psig psig P s ig # /h r # /h r rpm rpm 
105 38 128 1140 1985 444 55 
6:00 to 12:00 
63% Running Time 
Receiver Suction Discharge Water Cond Comp Watt 
P r e s s u r e P r e s s u r e P r e s s u r e Cooled Water Speed Meter 
psig psig P s i g # /h r # / h r rpm rpm 
108 38 128 1920 1992 450 54 
61 
T a b l e IVg AUTOMATIC EXPANSION VALVE 
C O M P R E S S O R RUNNING TIME 
2 - 1 6 - 5 1 11:30 to 5:30 
On Off 
Minu te s 
. 7 7 
6. 12 6 .70 
4 . 2 1 5 . 3 6 
4 . 5 9 6. 12 
4 . 6 9 9 . 5 7 
6 . 3 2 7 . 0 8 
3 . 8 3 7 . 0 8 
3 . 2 5 4 . 7 9 
3 . 0 6 12. 25 
6 . 3 2 8 . 6 1 
2 . 8 7 4 . 6 0 
4 . 4 0 8 . 4 2 
3 . 4 5 8 . 6 1 
3 . 8 3 7 . 8 5 
3 . 2 5 8. 13 
3 . 9 2 8 .42 
3 . 8 3 9 . 5 7 
3 . 5 4 8 .23 
4 . 4 0 8 .23 
3 . 8 3 9 . 5 7 
3 . 8 3 7 . 6 6 
4 . 5 9 6 . 9 9 
5 . 7 4 7 . 5 6 
4 . 4 0 6 .70 
5 . 0 7 6 . 5 1 
4 . 5 9 6 .70 
4 . 2 1 6 .60 
4 . 5 0 
6:00 to 12: 00 
On Off 
M i n u t e s 
1.71 5 .70 
8 .72 5 . 8 8 
9 . 4 9 5 . 7 9 
9 . 4 9 5 . 7 9 
9 .87 5 .70 
9 .30 5 . 8 8 
8 .64 6 . 0 7 
9 . 4 9 6 . 4 5 
10 .25 6 . 4 5 
10 .82 5 . 8 8 
1 0 . 2 5 6 . 2 6 
1 0 . 0 6 6 . 2 6 
9 . 6 8 6 . 2 6 
1 1 . 0 1 5 . 9 8 
1 0 . 6 3 5 .70 
1 0 . 4 4 6 . 0 7 
1 1 . 0 1 5 .70 
1 0 . 4 4 5 . 7 0 
1 0 . 4 4 5 . 5 0 
1 1 . 0 1 5 . 8 8 
1.1.20 5 . 7 0 
10 .82 5 . 9 8 
4 . 9 4 
2 1 9 . 7 1 1 3 6 . 8 4 
T o t a l t i m e 3 5 6 . 5 5 
m i n u t e s 
128.99 2 2 1 . 3 6 




HIGHS IDE FLOAT VALVE 
Ful l Capacity: 
Refr igerat ion Effect = 
(Wt. of Water) (Specific Heat) (Change in Tempera ture ) 
(2460) (1) (£i0. 42-54, 29)= 63,600 Btu /h r 
Power Input to Motor = 
(Wattmeter rpm | (Meter Constant) (60) / l , 000 = 
(55) (1.2) (60) = 3.96 KW-hr = 
(3.96) (3413) = 13,515 B tu /h r 
Coefficient of Pe r fo rmance • 
Refr igerat ion Effect 
Power Required to Obtain Ref. Eff. 
63,600 
13,515" ~ _ _ 
Heat to Condenser Water = 
(Weight of Water) (Specific Heat) (Change in Temp) = 
(1802) (1) (90.91 - 49.52) = 74, 603 B tu /h r 
64 
80% Running Time: 
Refr igerat ion Effect = 
(1750) (80.04 - 56.. 95) = (23.09) (1750) = 40,425 Btu /h r 
plus (430) (3) (41 = 10, 320 B tu /h r (Box Temp. Variation) 
Total Effec; 50,745 Btu /h r 
Power to Motor = 
(55) (1.2) (60) (. 80) /1000 = 3. 17 KW-hr * 10,810 B tu /h r 
Coefficient of Pe r fo rmance = 50, 745 _ A £,Q 
10,810 " i , P O 
Heat to Condenser Wa;er = 
(1760) (92.54 - 54. 11) (.80) = 54, 100 B tu /h r 
45% Running Time: 
Refr igerat ion Effect -
(1065) (79.84 - 58.36) - 22, 897 Btu /h r 
P lus (5) (430) (3) = 7, 740 B tu /h r 
Total Effect 30, 637 B tu /h r 
Power to Motor = 
(55) (1.2) (60) (.45) = 1.78 KW-hr - 6, 090 B tu /h r 
Coefficient of Pe r fo rmance = 30, 637 - 5.04 
6,090 
Heat to Condenser Wati;r -
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